Figs. S1 to S8 Tables S1 to S2 Movies S1 to S3 . Workflow of cryo-EM image processing. A total of 13,708 movie stacks were collected, motion-corrected using MotionCor2 and CTF-corrected using CTFFIND4. All particles were autopicked and then checked manually from the selected 13,587 micrographs in EMAN2. Then a total of 540,214 particle images were derived and three rounds of 2D classification were performed to remove poor 2D class averages in Relion. Meanwhile, ~ 2,000 particle images were selected to generate the 2D averages and initial model in EMAN2. Afterwards, a total of 299,174 particles were used for 3D classification in Relion without symmetry. Multiple oligomeric assemblies came out from the 3D classification, and ten selected oligomeric assemblies with their particles were used for heterogeneous and homogeneous refinement in cryoSPARC. More information can be found in the "Materials and methods" and Table S1 . Protein residues 4,500 9,000 9,000 9,000 9,000 9,000 9,000 5,250 10,500 9,750 
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Chain f' W82
Chain a' V232/G233/A234 V232/G233 G177/V232/ G233
G83/A178
Chain b' I370/V372 I370/V372/A431/ G432 *In OA-2b, the residues whose side chain hydrophobic interactions contribute to the stability of two stacked hexamers are shown. In other dodecamers, as the resolutions are insufficient to determine the orientation of side chain, the residues with closest Cα distances between different chains are shown. The chain a in the upper layer is taken as an representative chain to illustrate the interactions with chains in the lower layer.
